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" . : DEVRLOPMENT OF THE TELEMECEANICS INTUSTRY

v"*r‘,._ - M. 'A. Gavrilov

N R , Telemechanics is one of the young branches of electrotechnics vhich has been

: leveloped only recently. In the USSR the first practical and efficient teleme-
chanic instsllations for industrial purpeses appearsd in 1932-1G34., Despite the
short time, the teomnigue of .¢lemschanics has reached a highly-devsloped state,
and Soviet special“sts have obtained important results both theoretically amd in
the practical develomment of telemechanical installations.

The necessity for & wide application of telemschaaics is explained, fi wt,
by the fact that teismechanical installations, for remote contrnl, leng-distance
signaliag and telemetry, a-e becoming more nedessary organically in directing and
comtrolling moasrn ‘siretrial snterprines end systems. The progressive use cf
automatic production processes, connected with reducing or completely elimintting

i nmaywwer by Industrial machinery, bus incressed the demand for cemtralized com-
Py ' . trol ard direction, To accomplish this, considering the encrmouns extent of prem-
o omt-day industrisl enterprises, telemschanical methods must be applied.

VWide application of telemechanical installatious is also necessitated by the
progressive dntroductien of continmuous-production msthods which require employ-
ment of ocentralized coutrol and directiom to coordinate joint operrtions in indi-

’ ) vidual units or plants, Telemechanical installations are alsc necs.sary in &1-
- o ' recting and ocomtrolling systems covering & large territory, such as pover and
water svpply systems, long o1l and gas pipe lines, etc.

Moregver, the use of telemechanical installations makes it porsihle to safe-
guard workers by emabling them to carry on dir¢stion and control at a distance, .
frca machinery vhish must be installed in places where a worker could not be ' .
stationed.

The technical ani econamic effect of the application of telemechanical s
insts .iatZons has bsen of greai ixportance in their development. As & result of SENE i
‘the elimimation or reduction of man powsr ari the economies thus effected fn
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vorkers® wages and accommodetiinsy.the introdurticn.¢f felemechanleal-methods -
of directing and controlling new, more efficient technological procedures, the
additional expesnse Involved in telemechanical control usually pays for itmelf
within a year or two. This makes such installations very profitable.

The greatest use cf telemschanicel apparatus is in power inetallations.
At pressnt, the great netwcrk of ‘slectric power stations and substations for
parallel operation, the creation of 2 grsat number of huge net pover systems
serving aress covering thousande of kilopeters, require extensive utilization
of telemschanical installations which form complex systems for remote control
and telemetry. The use of telemechanics, moreover, is practical for swaller
sunicipal networks as well, Im the USSR duriag the war, plans were made for
éxtensive application of telemechanice in centralizing and directing power sys-
tems in many large metallurgical plasnts. Telemechanical equipment should b=
extenaively employsd in municipal water and drainage asystems and in trolley
track networks to direct traction substaticns, in street-lighting syatems, etc.

Tolemechanical installsticns are also extensively used in rail traneport
to direct the trmction substations of electrified railroads and underground
railroads, to control swiiches and road sigrals and to transmit signals to
Yocomotives. (cab-signaling and autoregulation). The present tendency 1s to
rin subetations without attendants, under full telemechanical control and di-
rection from a central point. There are now many such automatic, remote con-
trol traction substations in the USSR.

Finally, telemechanic appsratus began to be employed recently in air trans-
port for remote control of numerous landing and take-off signals at large modern
airdromes.

The great expansion of functions of telemechanics and the increased com-
plexity of telemechanic systeme characterize the present state of the technique.
Whereas such instalistions were previously used in individusl, isolated plants
to carry out comparatively restricted functions, they are now often employed to
combine individual industrial units and plants in complex cooperative systems.

An example of such & complex system is the telsmetric integrating instru-
mente which regulate the work of individual installations forming part of a sys-
tem and vhich depend upon the total amount of work of all the systems as a
whole, Other ecamples are instruments for the automav.c (remote) regulation of
power distribdution, At present the operatior of huge uambined power systems is
based largely on these instruments. As an indication of the scale on vhich such
appliances ars used, ws aight point out that, to have long-distance regulation
in one of the huge combined power systems in the US, it was necessary to inctall
mere than 60 telemestric setups.

Telemechanical oparatione in the USSR were conducted at first on & purely
practicul tesis and were directed toward working out telemechanical setups for
various industrial uses, These operations vere carried on in a nmumber of indus-
trial and scientific research organizations. As a result, domsstic remots con-
t=ol and telemetric systems wers created to equip a large nurter of plants and
systens . :

In the remote controi fisld, uvo gyecial trends should be noted in the work
acoomplishod by various groups of specialists. The first group worked on cig-
tributive-type remote cortnol appliances, on the basie of the standard telephone
apparatus, The first remote control installation made by this group, and the
first get up in th» USSR, vas developed 1:: 1934 under the Airection of Engireer
M. A, Gavrilov in the industrial laboratory of one of the large power systems.
This installation used polar signale and was set up in & power system to act as
a signa) transmitter from a 110-kilovolt-network substation to the central dis-
patching center. later improved remote control appliances using time signals
vers developed in the same installaticn by Engineer R. L. Rayues, M. I. Faret-
akir apd B. K. Kornetaov. Thea~ appliances are nov widely used, This type, in
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particular, forms part of .°  :.ment 2 diapnio~ing {control) center of
one of the great USSK water & ~. ¢ sys'.i. . & wast t6i .« hsnized center. Fram

. this center, control is.exercs . . Lordtoyeine Jaddings Lo puaping stations
and one hydrostation, supplied by lemg-ilstapce signaling ani telemetry. The
nymber of installiations under remcte tcntre 1g comparavively small, but an in-
c¢rease in this number is planned 3-ur. Thae “elomechanic apparatus installed in
this system was put in operatisn in 1933 ani ia a short time gave reliable aer-
vice,

This type of apparatus was also insiailed in a USLD rower system as a trans-
mitter at a dlapatching center for il <ut. .ff slgraly, At present this sppara.
tus in & slightly modified foram, unisr directicn of Erzinesr V, F. Ronzhin, has
been inatalisd to transmit signals o one of the huge bydrosiations in thie sya-
tem, Iater, with the aid of th's axparatus, remcie conbrel will be put in opers-
tion hers for hydro-sggregates, Sigwa’ ‘ranamissicn will be carried on in thise
staiiop by high-voltege liums,

Ancthsr great telemschanized center in the USSR is the dispatching center
of the USSR trausport systems. In this eystem In 19U a few autometized trac-
tiom substatione operated without man pivsr under the soie control of a dig=
patehing osnter. Both the designing and assembling depariment (under Engineers
L. G, Rushkovskiy end R. L. Raynes) anj *%e opersiors of the system (under En-
glneer A, 'G. Mel'nikov end Ye, A, Kemwiuslhiy) took part in planning and assem-
bling the apparatus for thie work. During the war telemechanical installations
vero dismantled, In 1943, however, wurk wae resumed on telemechanization and vy

.- .19h5'a.,qav4’igpatching ce.ter wae equipped, and the substations, which had been
i telemschanized eavlier, wers sgein put In cpersiion withoul man power and with
o : ) remote oontrol of ull sgeregates frum the dispatlching center, The new femote~
control apparstus with smplitude ssliecticn 5 wklch had been doveloped by the
operaters of the system under Engineser Ye. A. Kaminskiy, wae installed in these
centers, Remote control will soon be introduced into other substations,

Work wvas also done in telemechanizing the traction submtations of one of
L the large sity trolley linea. Here ons of ‘Le designing and assembling dopart-
Y g monts under Engineer L. C., Rashkovskiy with the aid of the operators undoer En-

: } gineer N, A. Zagaynob equipped 2 subetetion with an experimental remote control -
. R installation which operated quite succeasTully unier practical conditions,

Another group of remote-control speciclists doveloped appiiances of the
distridbuter and cumbiner-distrituter types Tor use with cclding apparatus, Out
of all the remota-control appliances developed by this group only the RIU-type

. (Enginesr B, X, Shohukin) relay-dlstributor system of yamote contrel 1s inm
=~ ) actual use, This type remots-contro). apparatus, rroduced partly by the scien-
. tific research department, dut lergely by iie operators under Engineer V, N.
Berisov, vas installed before the war in one of the great pover syatems to con-
trol eil cwt-eff and to tranexit signals about sach cut-offs from stations und
substations of e high-voltage system. The apparatus operated in a thorvughly .
Telisble manner both in this and in nther systems,

Among the remote-control appliancar developed by the above group of spocisl-
ists we: shonld also note types KRP and KPV {comrinatlon=distribution polarized
and sabination-distribut~r nociliary remote control appa, atus), developed and
turned out as efficlent installations imrediately aftsr the war (Enginesr R, I.
Yurgenson)., These appliance~, cyulppal wit} the pect irdicators for tnat time
of sny appliances developed in tie USSR as io time of tranemission and specifio R, . "
number of comtractn and relays, wer: tes‘ed by a special committee and recom- e N
nended for industrial prcduction. Uafor'.unately. this coull not be realized o
because of ths outbresk of World Wer IT,

To oonclude -y desoription of remote-control ievelorments s We should men-
tion the oppliancr: isve’oped for remets ontrci of atrest lighting syatems and
Jentralizing appeiatus ror dispatching relay~coding,. The mos. modern street
lisliting appliance was developed for cne of ‘he lavge USSR cities under the
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dirsction of Engiszr A, A, Veprinisev, Ceniralized dlspatching relay-coding,
used for remc*e contrcl of raliroad-switines 2nd signal-lighis, was put in-opera-
tion In 1936 and now serves track sections with an approximate length of 90 kilow
meters, After a short time :t uparaied satisfacterily.

In the telemetric field, tirss tremds in the work accomplished in the ‘USSR
should be noted. Ome cf the firat gtarted was the develomment of various Lypes
of rectifiers and photo-compensators, These applisnces, developsd in a scien~
tific ressarch institute branch in 1931-1934 (Engineer A, V. Mikhaylov'), were
manufactured on a mmall scele and, after insuailstion in & mumbsr of power [:54- 2
tems, proved very reliable.

Another organization leveloped a frequency-impulse type of telemetric ap-
parstus, Many modifications vere made in its design by Enginesr M, I, Paretskly,
8. A. Ginzburg and O. K. Kvitzinskiy. However, only the frequency-impulse ap-
pliances with condenser transformers (Engineer 0., K. Kvitasinskiy) were pui into
practical use, These appliances now form part of the equipment of ths largest
integrating and telemetric piant in the USSR in one of the powsr systems which
has many appliances for integrating the sctive power of atation generators,
moasuring from a distance the cumuiative pewer at & dispatching center and es-
tablishing the totel active power of all the mystems as a wholc~ The eystem also
includes some sets of appliances for remote measuremsnts of separats quantities,

Ths third trend in this field, vhich hams brought practical results, is the
developmsnt of photo-impulse appliances fur telemstry in one branch of the labo-
ratory for measuring instruments (Professor M., L. Tsukkerman, Engineer Lykyan-
skly, Candldate in Technical Sciences A, V, Fremke, V. O, Arutyunov}. The dis-
patohing center of cne of the great USSR power systems was equipped witn several
of these appliances. This laboratory also invented several individual perts to
be combined in telemstrin appliances (in particular, rectifiers and inductors).
These parts are very oimple forms of telemet:ic systems, but in combination they
oan form more complicated irstallations which will fulfill almost any conditions
of practical use,

A frequenoy-type telemetric avpliance (Enginesr Minin) was recently devel-
oped by a research and exploitaticn organization, A test modei wae set up early
in 1947 to work under the power-system operating conditione and performed well,

Beside these practical developments, Soviet specialists in telemechanice
have accomplished a great deal of thaoretical work., Some of it represents a con-
siderable advance over similar work abroed.

First, a great amcunt of besic wurk was accomplished by Soviet specialists
1L analyzing telemochanical appliancas, esamining thel.: working principles and
generalizing the present atate of the technigue. Among such works are: "Cen-
tralized Control of Electric lnstallations and Systems” by Professor B. I.
Daranskiy (1933); "Oelectrr Elemsnts”™ (133¢€) and "Thepretical Basas for Estima-
ting aad Constructing Remote Control Apparatas” (1936); by Professor N. £, .1/-
shite; “Telemec'snization of Dispatcher Contrcl in Power Syetems™ (1938) by
Engineer M, A. Gavrilov; and "Remote Corntrol”™ {1940) and "Ba: s of thse Techut. »
o Rexote Control™ (L94S) by B. X, Shchukin. Lo

The work of Scviet spwclaiists on vari~g problems in ihe tbecry.of tele.
@achanical appliavces is mls» ertremwsly inpurtent,

The most important questions in the theory .f telemetric apparatus are those
on the dynanics of Lalsmetry an? tha theory of errcr. These probless hare not
as yot been finally solved either here or abroad. Moreover, their study involves
difficulties related to the fact that telemetric appliances usually are combina-
tions of various gauge and iransforuer elemeuts working togather, and themselves
have interconnections. Consequently, in studying their transitional processes
and errors, it is necessary to deal with complicated dynamic systems for which no
satisfaci.ory method or research hae been worked out.

-4 .

AN ey z_

CONFIDENTIAL

“RDP80-00809A000600220244-7

50X1-HUM

' anitized Copy Approved for Release 201 1/06/28 : CIA-RDP80-00809A000600220244-7 "



" Sanitized Co

py Approved for Release 2011/06/28 : CIA-RDP80-00809A0006002202

S ¢

The first sfforts alca. *.. lineg of ijnamic telemetry vere ressarch on
dynamic properties and on a metind farr o.icuiating definite typea of telsmeiric
appliences, Here mention shou:'i be made of the work oI Engineer A, V. Mikhayloy -
and Yu. G. Kornilev on the theory of telemetric applisrces with current.sempen-
sation snd the work of Enginesr S, A. Ginzburg or methods for calculating the
dysamic qualities of receivers for frequency-pulss tolemstry, The work of A. V.
Freémke ic more general in cheracter. In his thesis for a doctor's degres, he
made a gemeral investigstion of the dynamic properties of ielemeiric appliences
gnd found a method of calcnliating thelr parsmsters to obtsin the minlmum dsmping
tixe, by studying the coufficients of a differential eguation chavacterizing the
dyramic propc.iiss of the appliance under exeminaticn in comparisen with the co-
ef2icionte of & standsrd equetion, He alsc mtudied the action of intercomnede
ticnm om the dynemics of telemetry.

Bagineer G. M. Zhdanov and V. 0., Arutyunov studied error in teleuetric ap-
pliances. The former furnished a method for calculatisg additionsl errors in
corzecting lines and & method for vaiculating the parameters of telemetric ap-
pilepses by swmiming vp the voltages, The latter studled gemersl preblems in the
theory of summstion. The wark of B, B, Berdichevskiy, vho atudied errcr in im-
tegrating applisnces to carry ont additions over comnecting lines, should elss
be msntioned.

But the works menticmed sbove cover only scme aspects, however important,
of ‘error., Freu a more generel stendpoint, still to be studied, the problem of
determiming error in tolemetric or integrating mppliances is &s follows: givn
ths emouiit of srror in the parts forming the telemetric applience; to determine
the emount of error im it &s & whole, or given %the error inm each of ithe tele-
netric applisaces foiming pert of the imtegrating applisnce, to determine the
total errar of this appliamce as & vhole, Ona complication in this problem is
that, in genmoral, especially in designing telemstric and adding applianses, only
the type or degree of acouracy of the elements composing the appliance may be
imown, while the concrete amount of error is mot kmown, Such errors can, thsre-
fore, be determined only by their distribution ourves as incidental quantities
showing .the degree of precision in the given elrment. Tbare are similar diffi-
culties in deteraining the errer in adding aprpliances vhery the share of arror
in each of the telemet:ic appliances is determined by the distribution of the
sum, at any given mament, of the various components and is, comsequently, it-
self an incidental quantity, )

In additiom to vorks of & general ckaracter, Soviet specialists in these
fields (Trofessar K. S. Karandeyev, Professor M. L. Tsukkermen, A. V. Fremke,
Cexdidate in Techmical Sciemce, S, A. Ginzburg, V. O. Arutyunov, N. F, Gatkucha
aud othars) have published a number of studies un the theory of action and cal-
culating methods, ard dsscriptions of the ccustruction of varicus telemetric
appliances iu vhe USSR.

The Last essential points in the theory of remote-control appliances are
work on the problem of the theory of selection and structural synthesis and ana-
1ysis of ithe setup of appliances for remote control.

Various Soviét specialists (Professor N. A. Livshita. Doct-r of Technical
Sciences M. A, Gavrilov, Candidate in Techric.l Sciences B, K. Shohukin and R. N.
- Yurgenson, Engineer R. L. Raynes, M. I. Paretskiy, and others) heve devoted them-
selves to problems of the thecry of selection. Thess problems are in large part
golved theorstically, although additional study ia required for same aspscis.

The theory of struotural synthesis and the analyeis of remote-control ap-
pliances are much less advanced., Usually such appliances are complicated, mmlti-
ple-duty relay-contact systems. Until recently they were designed on the basis
of the experience and intuitior of the designer. Hence, the develomeant of a
‘heory for the comstruction of relay-contact systems has been of major importance
in the develomment of the theory of remote-cortrol appliances. Until recentiy,
the wark accomplishe. by Soviet specialista (Enginesr A. K. Kutti, M. M.
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Taimbalistyy, V. A. Rosenberg) only touched on various special problems in con-
. structing relay-contact systems, and no practical application wap made. : e R e

Tmpetus to the dsvelorment of the theory of relay-contact systems was given
for & time by proof of the applicability to them of algebraic logic supplied in
particular, by the work of Candidate in Fhysico-Mathematical Sclences V. I. Shes-
takov, Further essentisl developme-*:-ms given this theary by Doctor of Technical
Soisnces M. A, Gavrilev, who worked on the general theory of structural synthesis
and ob ‘an anslysis of relay-contact systems which would be valid for all classes
and types. The egtablistment of this theory permitted its prement extemsivn to
develoments in constructing remote.control appliances themselvea., The esaential
difPsrence betwsen the theory of remots control and the theory of rslay-contact
yyetems 3s thet, whersae in fhe latter the problem consists of constructing a
setup Whioh wiil satisfy lefinite cunditions, camposed cf aeparate elements {con-
tacts, resctive relay organs and sctive mechaniems, valve parts, etc.), fulfilling
simple functions and poreessing glmple properties, in the theory of remote-contral
appliances the - -oblem is camplicated by the fact that the very elements ol which
they ares composr.. are complicated relay-contact systeme, It iz essential to ss-
tablish definit criteria which will permit objective comparison both of the re-
mote-centrol appliances &s & whole and of their various connections. It is also
sassential ‘to work out methods of selecting and combining the latter to obtain re-
note-control appliances with definite parametera.

Besides the aforsmsntioned general works, Soviet specialists have published
. many works on the theory and wrinciples of action and on descriptions of the con-
struction of verious type remote-control sppliances developed in the USSR (M. A. L
Gevrilov. R. L. Reynes,. L. G. Rashkovekiy, I. V. Shavlovekiy and others). S .,

Thie summary of practical and theorestical Gevelopments in the field of tele-
mechanice shows that much has been acocmplished and telemechanical apparatus 13
suffioiently perfected in the USSR. It has cperated reliably under working con-
ditsons, and needs only some modernization along the 1lines of recent improvements
and of present theoretical ideas, In the field of theoretical developments in
many basic problems of the theory of telemestric and remote-control appliances,
the work of Soviet specialiste is far in advance of similar work abroad. Theas
conditime guarantee a rapid develomsnt in the industrial production of tele-
mochanical apparatus and ths extensi+s employment of such apparatus in the Soviet
ecoaomy, corresponding to existing demands. '
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